How did you become a scientist?
Our family lived in the country and I spent much of my time outdoors collecting and watching. I also became interested in observing plants and animals through "Nature Study" in grade school (primary school in the UK). This curiosity was very much reinforced by my father's knowledge of the local fauna, particularly birds, the ups and downs of his bee-keeping hobby (birds and bees?), and being encouraged by both parents to work in the garden and to cook. In secondary school, I enjoyed chemistry, mathematics and geography immensely, but rather disliked modern and classical languages and history. So, by the time I was 14 years old, I had decided to become a scientist. My dad, who had a back-breaking dirty job as a wool sorter, and was regularly on short hours or even the dole, had aspirations for me to become a dentist. Eventually, even he recognized that this was a most improbable career for someone unable to work in three dimensions and to hammer a nail in straight.
When did you first become interested in reproductive biology and why?
Other than figuring out why our cats achieved pregnancy with such regular ease and watching the local dairy bull at work, I had no early introduction to reproductive biology. Sex education at home and after age 11 years in a single sex school was largely by default and reading racy novels. I went to university to major in biochemistry but switched to botany, which in Oxford at that time consisted largely of genetics and plant physiology. My D.Phil., as well as my postdoctoral training with Frank Loewus at SUNY at Buffalo, centered on plant cell wall development. Unlike Jock Findlay, who was interviewed earlier in this series, I never had a life-changing experience castrating sheep. Instead I became a reproductive biologist through playing cricket with the club team at the University of Florida where I became close friends with a physician scientist, and pretty good batsman, Jeff James, who was on sabbatical leave in the Ob/Gyn department. Through Jeff I met Fuller Bazer at a party and ended up discussing the purple protein, now known as uteroferrin, which transports iron across the pig placenta. Thomas Chen, a graduate student of Fuller's, undertook what turned out to be the relatively simple task of purifying uteroferrin in my laboratory. This collaboration led to a successful NIH grant application, kissing plants goodbye, and a full embrace of sex in pigs, cattle, sheep, and horses. None of this was exactly hands-on; that aspect of the work I left to my colleagues, especially Fuller, Bill Thatcher, and Dan Sharp (horses made me particularly nervous), but by the mid-1970s I was a card-carrying reproductive biologist and starting to attend the SSR meeting on an annual basis.
Who were past scientists and mentors who inspired your research and influenced your career path?
My chemistry teacher in high school, Mr J. Breeze Bentley, had a profound influence on my life. He fostered my love of chemistry and guided me to his old Oxford College, which I entered as a freshman in 1959. I also benefitted from the Oxford tutorial system with its weekly essays. My first tutor was Rex Richards (now Sir Rex and 95), a WW II veteran, renowned for his work on nuclear magnetic resonance and already a Fellow of the Royal Society at age 37 years. Others, equally influential followed, including my eventual D.Phil. supervisors, Vernon Butt and Lionel Clowes, who were generous enough to let me follow my own research path on maize root development. I moved from the UK to the USA in September 1965 to conduct postdoctoral work with Frank Loewus, well known at the time for his research on the biogenesis of ascorbic acid and for describing the metabolism of myo-inositol. Frank brought some discipline to my research, including how to keep a decent laboratory notebook and to conduct rigorous analytical experiments. Finally, I must acknowledge Bill Day who was the individual most responsible for recruiting me to the University of Missouri in 1985, and my Dean at the time, Roger Mitchell. Those two men, plus my faculty colleagues in the Animal Science Department, helped establish an outstanding program in large animal reproductive biology at MU which allowed my career to blossom.
Looking back, what are the one or two decisions you made during your career that had the most impact?
My career has taken a number of turns that in retrospect worked out well but were not entirely logical. The switch in majors from biochemistry to botany as an undergraduate and the fateful entry into the unknowns of reproductive biology while still an untenured assistant professor at the University of Florida clearly had a profound influence on my scientific career, but were certainly risky decisions. My move from Florida to Missouri was judged by some to be a mark of insanity. Among my leaving presents were several gifts of warm clothing and a pair of rubber boots. These and most other changes in my career path have been driven in part by a certain restlessness and an easily swayed curiosity, but I am thankful that they brought me to where I am now, a 77-year-old scientist who still enjoys going into work each day.
What is the most important scientific accomplishment that you think you have made so far?
I'll list them chronologically. I'm particularly proud of how my collaboration with Fuller Bazer led to the characterization of uteroferrin and legitimized the notion that uterine secretions play a role as a culture medium for the developing conceptus, particularly in species with a non-invasive type of placentation. Our identification of the protein responsible for maternal recognition of pregnancy in ruminants, originally named ovine trophoblast protein-1(oTP-1), was, I believe, a landmark achievement. Its subsequent cloning at the University of Missouri and the revelation that oTP-1 was a type I interferon (IFN-tau or IFNT) was a great surprise to both reproductive biologists and scientists working on innate immunity. There was clearly no single mechanism used by different mammalian taxa to ensure that the corpus luteum of pregnancy survived and ovarian cyclicity temporarily halted. Likewise, interferons had a broader function than simply combatting viral disease. Later, a collaboration with Francois Beckers leads to the identification of an extensive family of mainly enzymatically inactive aspartic proteinases structurally resembling pepsin (pregnancy-associated glycoproteins) from the placentas of ruminant species. Ultimately, this led to the development of a sensitive, reliable pregnancy test for the dairy industry that was eventually commercialized and presently has annual sales approaching $10 million. It's nice to be involved in something of practical use. Strangely, the most cited papers of my long career came from yet another switch in direction when Toshihiko Ezashi and I decided in 2003 to use human embryonic stem cells to study human trophoblast development. Our top-scoring paper demonstrated that these cells much preferred a low-oxygen atmosphere than ambient conditions if they were to be prevented from spontaneous differentiation. Our second most popular paper described the generation of porcine-induced pluripotent stem cells from pigs. However, we were not alone; two other groups, one publishing a couple of weeks ahead of us, achieved the same end. I'm sure there's a lesson here, although I don't quite know what it is.
What has been your philosophy in training and mentoring young scientists?
It took me quite a while, but I eventually came to the conclusion that there aren't any general rules to mentoring. If you are lucky enough, as I have often been, to recruit highly motivated, imaginative, individuals, a light touch and enthusiastic interest seem to work best. If a trainee seems never to know what experiment should be done next, you, the mentor, are in for a harder time, and so is the poor devil being mentored. However, I soon realized that closer guidance of a less able student can lead to publications and ultimately a worthy career. As I've grown older, I have certainly pushed my trainees less but most have done well despite my new-found mellowness, which a colleague attributes to a decline in testosterone.
What do you consider the greatest breakthroughs in the field of reproductive biology and why?
I find such questions to be perilous, but here are my favorites of the last half century:
(1) Discovery and purification of gonadotrophin releasing hormones from the hypothalamus and the elucidation of the hypothalamic-pituitary-gonadal axis. These findings form the basis for understanding reproductive physiology at the organismal level. (2) Cloning of Dolly because it was a brave quest and upset a lot of nay-sayer developmental biologists. What do you see as the future for research in reproductive biology?
I'm still an optimist, although I do fear for our ability to fund so few risky projects through NIH and even for the USDA to support basic research at all. The present anti-science climate in the USA, particularly when it comes to dealing with human fertility issues, is disheartening, but I do believe the opportunity for "throwing the rascals out" by 2020 will improve prospects for governmentsupported science.
What advice would you give students and new investigators entering the field?
Try to find a niche outside the mainstream field where you have a chance of avoiding the crowds. Also take a comparative approach with an appreciation of how reproductive systems have evolved. Don't be frightened by new technologies; instead, exploit them. Finally, fight for and take opportunities in a hard-headed manner.
Research is a competitive sport.
Would you enter this career again?
Yes, I would. Although I have regrets over some of my choices, I can't think of a better way to spend a working life. I decided I wanted to be a research scientist in my mid-teens, although I had no idea what research entailed, and that the pleasures in it would come from small discoveries, gratifying to me and probably to no one else. There have been a few gee-whiz moments, which filled me with great joy and great ambition, and conversely there have been rejected manuscripts and disappointing grant reviews. My daughter aged about 6 years asked what I actually did "in the lab." I explained patiently. Her response was "it sounds just like playing," which of course it is and at the public expense no less. I am forever grateful for the opportunities that came my way.
